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INTERACTION OF CONCENTRATED LOADS AND BENDING 
IN C-SHAPED BEAMS 
by 
George D. Ratliff, Jr., 1 Member, ASCE 
Summary 
The web of a two-span continuous beam is subjected to 
combined stresses at the interior support. Design specifications 
usually consider combinations of shear and bending at such a 
location, but ignore the combination of web crippling and bending. 
This study shows that C-shaped joists cold-formed from steel sheet 
should be checked for the interaction of crippling and bending. 
l . . Sen1or Research Englneer, Research Laboratory, U. S. Steel Corp., 
Monroeville, Pennsylvania, 15146. 
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Introduction 
The C-shaped steel joist is commonly used as a continuous 
member over two spans with an interior supporting wall or beam 
between the two spans. At the interior support, the joist is sub-
jected to a combination of bending and shear stresses. Furthermore, 
the concentrated reaction load tends to buckle or cripple unstiffened 
thin webs and flanges. Design specifications1 ' 2 )* commonly consider 
the interaction of shear and bending at such a location, bu~ 
ignore the interaction of web crippling and bending. This paper 
describes the investigation of the interaction of bending and 
crippling for c-shaped joists cold-formed from steel sheet. 
Materials and Experimental Work 
Twenty-six C-shaped joists were tested to ultimate load. 
As shown in Tables I and II, three steel thicknesses and two joist 
depths were tested. The specimens were designed to simulate a 
one-piece two-span framing system in which the continuous joists 
are supported at their ends and at one or more intermediate points. 
Although there are many ways of stiffening the web at an interior 
support, only two conditions of restraint were investigated in 
this study: (1) totally unrestrained webs and (2) both web and 
. fl t . d . 3 ) compresslon ange res ralne by a patented stlffener. For speci-
mens with restrained webs, both wood and steel bearing surfaces at 
the intermediate support were tested; for specimens with unrestrained 
webs, only the wood bearing surface was tested. 
* See References. 
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For simplicity, the specimens were tested in an inverted 
position; that is, the plywood floor was on the bottom and the 
intermediate support point was on the top. Each specimen consisted 
of a simply supported joist with one concentrated load applied at 
midspan. The joists, Figure 1, were stiffened C-sections with 
depths of 7.25 and 9.25 inches (18.4 and 23.5 em) and average 
flange width of 1.83 inches (4.65 em). The beams had 0.55-inch-
deep (1.4 em) stiffening lips on the flanges and inside bend radii 
of 0.09 inch (2.3 mm). The properties of the steel are shown in 
Table II. 
Web stiffeners were used on specimens No. 1-17. The 
short snap-on web reinforcement is shown in Figure 2. It should 
be noted that the inside opening (1.73 inches or 43.9 mm) of the 
snap-on reinforcement (Figure 2) is smaller than the outside 
dimension (1.75 inches or 44.4 mrn) of the smaller flange of the 
joist (Figure 1). The purpose was to ensure initial restraint 
against the web. The stiffeners were easily snapped onto the 
joists in spite of the apparent misfit. Although the stiffeners 
were snap-fitted to the joist, they were attached to the simulated 
supporting surfaces either by nailing through the holes in tabs 
provided for the purpose, or in the case of steel bearing, by 
bending the tabs around the flanges of the steel beam. 
The joists were purchased commercially and the experimental 
reinforcements were fabricated at u. S. Steel's Research Laboratory 
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by using the shop drawing as shown in Figure 2. All parts met the 
tolerances shown in Figures 1 and 2. The properties of the steel 
used in the prototype reinforcements are shown in Table II. 
To simulate the lateral restraint that is generally pro-
vided by the floor or roof deck when joists are used in buildings, 
1/2-inch-thick (1.3 em) plywood was attached to one flange of each 
joist with screws spaced on 12-inch (30.5 em) centers. The screws 
were No. 6 self-drilling screws, 1.31 inches (3.33 em) long with 
20 threads per inch (7.9 threads per em). Because of the small 
number of shear connectors between the plywood and the steel 
joist, composite behavior was neglected, except as a means of 
providing lateral restraint. The joists were supported at the 
ends with steel brackets, which were bolted to the ends of the 
joists, Figure 1. 
prevented. 
Lateral movement of the steel brackets was 
For some of the specimens, as shown in Table I, the 
concentrated load was applied at midspan through a Douglas-fir 
bearing block, which was 3-1/2 inches wide by 1-l/2 inches deep by 
12 inches long (8.9 by 3.8 by 30.5 em). The 3-1/2-inch width of 
the board provided the bearing length along the steel joist. The 
specimens with wood bearing were tested with bearing blocks cut 
from two wood members, one for the specimen with a restrained web 
and another for the specimen with an unrestrained web. When wood 
bearing was not used, a 6-inch-deep (15.2 em) steel I beam with a 
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3.33-inch-wide (8.46 em) flange was used. The snap-on reinforcement, 
when used, was installed between the joist and the wood or steel 
bearing member. 
Loads were applied with a universal testing machine 
using the 6000-pound (26.7 kN) load range. The loading increment 
was 200 or 300 pounds (890 or 1300 N) , depending on the expected 
capacity of the specimen. 
Table I. 
Results 
The ultimate load reached with each specimen is given in 
All the specimens eventually collapsed by flange and web 
buckling at the concentrated load point. The specimens with 
unrestrained webs, which were all tested with wood bearing surfaces, 
"knifed" severely into the wood bearing blocks along the web edge 
of the joist prior to reaching ultimate load. For the specimens 
with the restrained web, the type of bearing surface (wood or 
steel) does not appear to significantly affect the ultimate load. 
For example, specimens No. 10 and 12 reached the same ultimate 
load, Table I. Photographs of a tested specimen with a restrained 
web are presented in Figures 3 and 4. 
In Figures 5 through 7, the experimental ultimate loads 
(from Table I) for the joists are shown on charts depicting the 
interaction of bending moment and concentrated load. A safety 
factor of 1.9 was applied to the data plotted in the figures. The 
safety factor was obtained from Section 6 of the specifications2 ) 
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for cases with a 40-lb/ft2 (1900 N/m2 ) live load and a 10-lb/ft2 
(480 N/m 2 ) dead load, which is the typical residential floor 
loading. Also shown in Figures 5 through 7 are the design loads 
presently allowed by the AISI specification 3 ) for the joists. The 
controlling criteria were shear and bending interaction (paragraph 3.4.3), 
bending alone (paragraph 3.1), and crippling alone (paragraph 3.5). 
Paragraph 2.3.5, "Unusually Short Spans Supporting Concentrated 
Loads," was considered but found to have no effect on the conclusions 
or safety factors. 
Specimen No. 17 was grouped with specimens No. 1 through 
4 in Figure 5 after an adjustment factor of 0.89 was applied to 
compensate for differences in joist thickness and yield strength. 
The adjustment factor was a second-power correction for thickness 
and a first-power correction for yield strength. 
Conclusions 
1. The present AISI specification2 ) does not adequately 
consider the effects of concentrated reactions at interior supports 
of continuous C-shaped beams. The interaction of crippling and 
bending appears to be a more critical combination than the interac-
tion of shear and bending. 
2. To design against bending-crippling interaction, the 
following equation is suggested for c-shaped beams with the web 
stiffener described in Figure 2: 
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(m/1.2Mmax) + (p/KPmax) < 1 
where 
m applied bending moment, kip-in. 
Mrnax allowable bending moment permitted by AISI specification, 
kip-in. 
p concentrated load, kips 
Pmax allowable concentrated load as defined in AISI 
specification, Paragraph 3.5(b), kips 
K constant determined empirically for each different 
beam and shown in Table III. 
Appropriate values for K are also shown with the plots of the 
interaction equations in Figures 5 and 6. 
3. To design against bending-crippling interactions, the 
following equation is suggested for the design of C-shaped beams 
without web stiffeners: 
2 2 (m/Mmax) + (P/l.lPmax) < 1 
Further testing to more accurately define this equation 
may be desirable. 
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Appendix I - References 
l. American Institute of Steel Construction, "Specification for 
the Design, Fabrication and Erection of Structural Steel for 
Buildings," 1969. 
2. American Iron and Steel Institute, "Specifications for the 
Design of Cold-Formed Steel Structural Members," 1968. 
3. G. D. Ratliff, Jr. (to United States Steel Corp. l, "A Saddle 
Clip for Mounting and Reinforceably Supporting C-Shaped Metal 
Beams," U. S. Patent pending. 
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Appendix II - Notation 
The following symbols are used in this paper: 
K constant determined empirically for each beam; 
m applied bending moment; 
Mmax allowable bending permitted by AISI specification; 
p concentrated load; 
Pmax concentrated load permitted by AISI specification. 
It is understood that the material in this paper is intended 
for general information only and should not be used in relation 
to any specific application without independent examination and 
verification of its applicability and suitability by professionally 
qualified personnel. Those making use thereof or relying thereon 
assume all risk and liability arising from such use or reliance. 
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Table I 
Description of C-Shaped Joist Specimens and Results of Load Tests 
Ultimate 
Specimen Depth of Joist, Span, Web Bearing Load, 
Number inches (em) inches (em) Restrained Surface kips (kN) 
1 7.25 (18.4) 49 (124) Yes Steel 2,45 (10.9) 
2 49 (124) Wood 2,68 (ll,9) 
3 64 (163) Wood 2.18 (9. 7) 
4 116 (295) Wood 1,44 (6,4) 
5 49 (124) Steel 4.64 (20,6) 
6 78 (198) Wood 3,02 (13.4) 
7 ll6 (295) Wood 2.32 (10. 3) 
8 78 (198) steel 3.02 (13.4) 
9 49 (124) Steel 5.52 (24.6) 
10 78 (198) Steel 3.99 (17. 7) 
ll ll6 (295) Wood 2.90 (12.9) 
12 " 78 (198) Wood 3.99 (17.7) 
13 9,25 (23. 5) 49 (124) Steel 4.82 (21.4) 
14 97 (246) Steel 3.36 (14. 9) 
15 64 (163) Steel 7,00 (31,1) 
16 II 97 (246) II Steel 4.70 (20, 9) 
17 7,25 (18, 4) 30 (76} .. Steel 3,42 (15,2) 
18 II 116 (295) No Wood 1,16 (5.16) 
19 II 78,0 (198) Wood 1.38 (6.14) 
20 " 19,7 (50) Wood 1.74 (7.74) 
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Table I (Continued) 
Ultimate 
Specimen Depth of Joist, Span Web Bearing Load, 
Number inches (em) inches (em) Restrained Surface kips (kN) 
21 7.25 (18.4) 102 (259) No Wood 1.96 (8. 72) 
22 50.8 (129) Wood 2.62 (11. 7) 
23 25.8 (65. 5) Wood 2.94 (13 .1) 
24 77.2 (196) Wood 2.88 (12. 8) 
25 51.8 (132) Wood 3.28 (14. 6) 
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Table II 
Tensile Properties of Galvanized Steel 
in C-Shaped Joist Specimens Tested 
Uncoated Yield Tensile 
Thickness,* Point, Strength, 
inch (mm) ksi (MN/m2) ksi (MN/m2) 
0.048 (1.2) 39.4 (272) 54.7 (377) 
0.062 (1. 6) 42.0 (290) 57.3 (395) 
0,076 (1. 9) 40.8 (281) 54,3 (374) 
0.061 (1, 5) 49,7 (343) 67,4 (465) 
0. 078 (2. 0) 47.6 (328) 66.7 (460) 
o.oso (1.3) 40,8 (2 81) 54.4 (375) 
0,050 (1. 3) 42.2 (291) 54.3 ( 374) 
0.062 (1. 6) 43.2 (298) 63.2 ( 436) 
0.076 (1. 9) 41.9 (289) 54.4 (375) 
0.102 (2. 6) 38.2 (263) 47.0 ( 324) 
* Uncoated sheet thickness was obtained by subtracting 
(0.05 mm) from the measured coated-sheet thickness. 
Elongation 
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Table III 
Constants (K) for Use in Crippling-Bending 
Interaction Formula* for Various C-Shaped Joists 
Depth and Gage** of Joist, 
inches (em) and gage No. (em) Constant 
7-1/4 (18.4) X 18 (0 .12) 1.5 
7-1/4 (18.4) X 16 (0 .15) 1.8 
7-1/4 ( 18.4) X 14 (0 .19) 2.3 
9-1/4 (23.5) X 16 (0 .15) 1.8 
9-1/4 (23.5) X 14 ( 0.19) 1.8 
* m I2 + < 1 1.2Mmax K Pmax 
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Fig . 3.-Buckling of one flange and the adjacent 
web at concentrated load 
W E B C RIPPLI NG AN D BEN DI NG 
Fig . 4 . -Di stortions of joist and snap-on web reinforcement 
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